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Abstract :

63,522 Newborns High-Throughput Sequencing Technology

Zheng Hui, Li Yuan, Zhao Guojing, Zhang Junging, Wu Renhua’
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Objective: To conduct a detection of genes related to hearing loss in 63,522 newborns using high—
throughput sequencing technology, aiming to investigate the frequency and diversity of genetic variants
with inherited hearing loss among these newborns. Methods: Samples of 63,522 newborns from
North China were selected for testing at Tianjin Hu Gene Medical Laboratory between January 2020
and October 2024. A total of 208 pathogenic variant sites in 24 deafness— genes, including GJB2,
SLC26A4, GJB3, etc., were screened and analyzed using high—throughput sequencing technology.
Results: The overall detection rate was 11.4% (7,238/63,522), with a single gene variant detection rate
of 11.2% (6,999/63,522). The detection rate of dual gene variants was 0.37% (234/6,522), and the
detection rate of multiple genes with simultaneous variants was 0.01% (5/63,522). In gene, the mutation
rate of GJB2 gene was as high as 7.24% (4,597/63,522). Followed the SLC26A4 gene mutation rate
of 2.32% (1,472/63,522). MT-RNR 1 mutation rate was 0.93% (589/63,522). The mutation rate of
GJB3 gene was 0.33 (212/63,522). TMPRSS3 gene mutation rate was 0.13% (83/63,522. USH2A
gene mutation rate was 0.03% (18/63,522). OTOF gene mutation rate was 001% (7/63,522). Among
the numerous gene mutations, the combined mutation of GJB2 and SLC26A4 accounted for first place,
with as many as 114 cases, accounting for 0.18%. The combination of GJB2 and MT-RNR 1 variants
had45 cases. The combined variant of MT-RNR1 and SLC26A4 had 23 cases. In addition, the variant
number of GJB2 andJB3 was 22 cases, and the composite variant of TMPRSS3 and GJB2 was 9
cases. The results of the detection showed that the three variant with the highest detection frequency
were ¢.109G>A, with a total of 2,758 cases, accounting for 4.34%; c235delC, with a total of 1,209
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cases, accounting for 1.91%; and ¢.919—-2A>, with 836 cases, accounting for 1.32%. Conclusion: The

top three genes with hearing loss variants in newborns in North China were GJB, SLC26A4, and MT—-
RNR1, and their key mutation points were concentrated in c.109G>A, c.23delC, and c.919-2A>G.
The detection standards for genes related to neonatal hearing loss vary from place to place. With

the rapid advancement gene sequencing technology and the reduction in cost, the adoption of more

comprehensive screening strategies will help identify more carriers of recessive genetic variants.

Keywords :

deafness gene; gene screening; expanded type

TR RBREFEUR, RN 2R BRI A Z 8, W2 i AR s A R IA 33,519, W e T HA AN AR
BRI AR TR, BRI EE S 50% 2 60%. AR URMAT, SERMEE A R TR 1 %028 3.47% W, 13
HE RV R D, B R AR R R, B ATOAAZ DA 200 NE BRI (% 20244E5 A 19H, A
https://hereditaryhearingloss.org ) o Jf#% AR R S LR ACE R S04 2 20w ER , Host oy =00 U SRt . kit Zokr
PRUL R RO R ISR E G . TRIEL, SEBEENT A LR HFE R R, Ay B A BB B T 038 Ry T ICE AT BB M € AR S
HEJLHBIX 63522 A J LRI T 24 /N5 HR DGR R Hhig 208 ML, DAITERE RS . SWiSaIT, SRR E e & AR5,

—. ¥RERE

(—) ARWR
HEHL20204F 1 H % 2024 10 H R 40K R 22k 4e iy Ho 25 2%
DRIAGZEAG: 0 B 63522 BilFEAR
(Z) ) L EEREARERZE
1SRy
SR LR BRI, 0F CHr AR LB i A R AR/ )
(2019MEITHIO) SREE AL ETIMBEREA, BB e A e 48,
2. $2IU DNA
KA BT LA TAL 32k T IS AR, SRR
PR IR G20 DNA,
3. HELRASI
ARFFEIE F AR E B REH I E R AW P AR, 15Xt 24
ARG EAH SRR ) 208 AN A AT A . TR R S 5 |
W, 462 E PCRFEORY H HAREENZ] DNA 741, FF5 | AFEAPR
SEDMERRENS, 5B MGISEQ-2000 (I FFIUE ., i
IR FBICRARSY, MR AR 7 25 R L, 2L
PG NS H SR TN, DA B E LR A i .

1

(—) BiI¥t 63522 Fl#FE) Lt TiFE, LMHG7238FIF
DEF—WEESERER, SAEMEA11.4%.

Hor, BEpR AR S 2 A BRI GIB2. SLC26A4 .
MT-RNR1., GJB3%, W31, Hr, GIB2E:H 5845 45974,
AR IR T 24%, FL 4 S 449501, B B ERET.08%; H Ay
HE 68, ABFERE0.09%, LiETEAR 444, AR 0.07%,
GIB2 c.109G>A Fl ¢.235delC v A B AL H 2= 5 548 73] 2 2720
BIFI 1203451, HEHF . 109G>A {7 s ¢.235delC i 15 i 8k Rl 4k
B ARSI 38 (I 6451

SLC26A4JE ] 58 A 147215, A% 28 Ny 2.32%. H e d
GEAF 14641, AL 2.29%; EEAGRAIG, LR
0.02%; 4ty s2Z5 7], AFFE0.01%, H LR 24 s AT
A F c919-2A>G, c2168A>G, c.1975G>C, c.1174A>T,
€.1229C>T, ¢.1226G>A 43J/£ 836, 175, 86, 55, 50, 364,

MT-RNR1 HEEP AR AR 5894, A 5#38h 0.93%, Hirp
[FRZEAE 5691, S7ligeAE 205, m.1095T>C (A 57 424451,
m.1555A>G {7 AR 15761, m.1494C>T iz s 5 8 41,

GIB3HLEEH A2 A A8 5848 212401, AR 55855 0.33%, Hrf
¢.538C>T AE S 1814 (AES#3R 0.28% ) , ¢.547G>A 45 il K 31
i (AF 552 0.05% ) .

P& 1 7238 A AR e R R

- st EN FRE=
GEAEFER GARYI ) (%)
. BT 4495 7.08%
o iAo 44 0.07%
Hetr oy 1454 2.29%
Sresnd iy 7 0.01%
Eilseeia 569 0.90%
e SRR 20 0.03%
GJB3 Nt s 212 0.33%
GJB2/ Ity aAs /) I 112 0.18%
SLC26A4 AGIAE ) IREGEE 2 /
TMPRSS3 IR 83 0.13%
GJB2/GIB2 PREEes 58 0.09%
GIB/MT- | AR/ [FRRIAE 44 0.07%
RNR1 A5 / [F RIS 1 /
MT-RNR1/ | [FIBRZEAE / EoE% 22 0.03%
SLC26A4 SR / IRE oA 1 /
GIB2/GIB3 | G/ HEG5AL 22 0.03%

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 031



IGBREASS | CLINICAL RESEARCH

USH2A IRE T 18 0.03%
SLC26A4/ ) )

LAl IBTE 1 I 11 0.02%
TMPRSS3/ | G/ Jo8d 8 0.01%
B2 TR I | s 1 /

GIB3/ N N
o1 CoBAL IETAL | IERA 8 0.01%
OTOF HRETA 7 0.01%
MYO15A IR 4 /
MYO7A IbroeAs 4 /
GJB3/MT-
ANRL AT / [FRIE 3 /
MARVELD2 Juboeds 3 ,
LRTOMT P 3 ,
GIB2/MT- ) -
FE oA / [RIRSEAE /
RNR1/ e 3 /
SLC26A4 HE
PCDH15 HG oAy 2 /
SLC26A4/ o -
TMPRSS3 | RO/ AT 2 /
DFNA5 Iebroeds 2 /
GIB2/GIB2/ | ZRERA ) JE A / ) ,
SLC26A4 Sty
GIB2/GIB3/ | ZRBTAL 1 IGIL / |
/
MT-RNR1 [FIRZEAE
GIB2/
OTOA TG | ISR 1 /
GIB2/OTOF | &5 / JE 9848 1 /
GIB2/ N N
USHOA IETAL 1 BT 1 /
GJB3/MT-
ZRE SR 1 RS /
RNR1/ o 1 y
SLC26A4 HERE
LRTOMT/ ) )
Gipo I oEE ) IB O 1 /
MT-RNR1/ N N
TMPRSSS [FRZRA / F5 58738 1 /
MYOT7A/ . N
GIRs IRETAL ) BB TR 1 /
I s
OTOA HE AL 1 /
TMCI IRE A 1 /
USH1C Fetrods 1 /
Total 7238

(Z) BREROANASERN, AARELALER
(Usher ) £ZZ&1EMEXH9 USH2A EH (c. 99_100insT ) HEEZ
ERL\/HFH 1861, MYO7AEHE (c3719G>A ) BERAZRS
REEHHEA4H]. USHIC BEE c496+1G>A BEE RS RTIE
waE16l;

Ik 25 & AE AL H #F R ¢  OTOA & A (¢.306delG) 1

], TMPRSS33#: [H (c.916G>A) 834, OTOF # (c.
2977_2978delAG ) 7], MARVELD2 3 (¢.858dupT)
3, LRTOMT %t (¢.655C>T) 3, MYOL5A %
(c.9690+1G>A) 44, 101 HE R G oRLHNH, DI
DFNASEEH (¢.991-15_991-13delTTC ) % Je ok i 1 1L R 2
HoAR R 2

(=) REAREZRN7HIBRIBENME L EEEMEIBEN
EZERATRHEH, S8R 1.44% (917/63522) , M&E2,

# 4 m.1095T>C., m.1555A>G, m.1494C>T X = A~ fir
S SRS ORAS B R 4790 179FI AN 81, 666515
¢.538C>T, ¢.547G>A JX P s A S 53391 oy 21 345111 35
B, BT 248015 #EH 991 - 15_991 - 13del TTC ff A48 S A
2455 #EHF €.223C>T (i AAF I 1431

F2 DHEBEARRRG

R BAFERAAL BTy A A
MT-RNRI1 m.1095T>C BRRHE 479
MT-RNR1 m.1555A>G BREE 179
MT-RNR1 m.1494C>T BRI 8

GJB3 c.538C>T g St TR 213

GIB3 c.547G>A TR 35

c.991 -
DFNA5 15_991 - WO 2
13delTTC

GIB2 €.223C>T e SaNNGAR RS 1

Total 917

=. itig

ERT, — R A A S A ) LT IRy At s
B AR, SR B A U R, TR
IR HEL N SN B AR, R TR Y
th, BEGWT SEFK, BRI S TR 7 T
TR TGRS H A O R AR, HLAR
PR A SR, WET MR E RN AEF R,

ARG AL [X 63522 (Il FEARFEAT 24 H: K] 208 A7 K
RINE B A St 516 11.4% (7238/63522) . LRI R
FHAZ A G, IR 15.57% . AL 4.579%",
FoHE5.529", JEALTT6.13%™, J5UR AT BB AT i b DX i 25 (1
AR ONL AE 2007 A, AR FR R A A DRUR A5 Bl 52 24
BRI 208407, BEMY R IITE 2 W HU R A AR S A A
i, BB A A L

A 5E T, GIB2EE [ 284 (40 c.109G>A) i M &

(81.19%) , HAHITTRES Cx26 8 HEIAE S H ST B T
ZAELMESC, HUTC % T 100 5B M IR, T
n, fEdbE AHEH, GIB2EE Y . 176del1678 5 5 2%, & 53L
GIB2 SR AR A (B Lmik 809%™ s 7EkU AKEH,

c.299del AT 25 5 5 1.5%", AHEFS K BLAE 3397 45 GIB2HE K #57H

032 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



FH, 81.19% (2768/3397) #5417 GIB2 B ¢.109G>A i AE
Sto . 109G>A 78 SRR 4.34% (2758/63522) , % 53RE
DU N FEF 2.8% 75 8.2%" HAFATEEREAG, AEAEALHbIX WA LA,
GIB2EEH [ ¢.109G>A A5 S A B I 3, i g T IE#k
AR, FER RN AR R, T S EOE
Rz BANE R, Wt RoR, £120% i e i Bk
PN o BRI FREE BT BRIl . Bk, % T GIB2
B RALREHE, JUHSE . 109G>A At , BTl
TR AR Sk, A B R BN

AR GBI AT T EE D S A, 00 HE 589(0.93%) & MR
A AR MT-RNRTFEFAR R, ki MT-RNR1FEF A4S
SRR FR R, AR S ) L S HA: R fE o 2
WA EUE, B RN BRI R B 2 AR E A ]
RETLEMEMVT TR, MAh, LR AR R EA AT R
HZGYEIE, T RBIERA 2R B UL T, FERCAR IS R
M, WA — RS (AR EAEE T, Z2Rifk MT-RNR1 £ A
ARl R, M N S B 2R 2 R ( (TR Lk
AHEERAFGEE SN , 2020) , —HAME 20Kk MT-
RNR1HEFAER:, JEGHN R EE SRR, Sz
FHAR R GG A A S W 2 B R, TR 2%
AR R TGS 251 ARBIFFRIAAEIE] 1461 (2.30% ) #4448
HifT SLC26A4 L5878, SLC26A4 HE R S —Fh s etk b

243t

Mg, SECRHTEAGTZEAAE, AR AR RAIRTEKAT,
N T BB IR ST AR ARG o Je DAL S BT Sk
i MFIBMEE—LFRRNT LR, B2 — G Ia ik
e, MO TUT R R )L, A TS — % R
HYRTT T o HEINUA L RS M 5 2 AR s H B R R XU

AR LR SALMEH deta pR Rk s A T I 558 (DFNA) 1E R
RRMEN R R BRI X —, TR LT ) g
HEEMAL, FEARIFEH, Al H 25 DENAS B Y ¢.991-
15_991-13del TTC fi 274, IXFh €A i T4 DENAS HEF
A7 7 B 2 DI A T SRR ke, ST TR S
LA T AR BRI E 1, R IR TR
DFNAS HER A S R BN 2 5.7 47K B PR i 2y il ) B
WAL T £ SRR RN IR (s T . SRR
Btk B T B B R R, TFRRA R L
AT, WU ABEET RITRIRAE T I, Sef Tk T 2
BN, DA A XU

2i LRk, ABRgSiE R A R AR L 5 BB R 4
VATIR AR N F R T A R s . RIS, WF
A H 2 O B R AR, AT L S SR T ) R A
2, ARGNR R 2 P FR TR KU . B A R A
IHA R

[1] 4240 . 55 R A e A RETA 2 LB AR (35 5 ) 1). HREIFREE L 2007(6) - 2.

[2) TP HE R R A 512 MR R O AT e i 2L TP LA L SAMRGE I A Sy | PR R A e BN SO R 2 0y £ v [ L LR 2 W S i ) I R S et v

(2023)[J]. FPAEESLIAIGELSOM A | 2023,58(1):3-14.

[31 EREY  BOERE , 2225, &5 A J LA IR i A S 7 28 5 SRR ST 1), Hh AR B LA o MR L2007, 42(11):809-813.
[4] JURTER | 2038, ¥RIL , 55 . JRNTITRnX 12211 #4384 J Lo U MR R 8RR AT D). PR ASE AR | 2024,40(2): 194198,
[5] pra , SOk, ST |, S 75649 A: ) L EEL R A LS BV A AT (). HhAE RS 2019, 17(5):661-669.

[6]1Zhang JQ, Wang P,Han B, et al. Newborn hearing concurrent genetic screening for hearing impairment—A clinical practice in 58,397 neonates in Tianjin, China[J].International

Journal of Pediatric Otorhinolaryngology,2013,77(12):1929-1935.

[7)5KE , BikE , (hedr . WAL D R 2 S 284l L 5 R PR R R AU 40 AT ). TR BB SL 38R 2023, 30(7): 461-463.

[8]Putcha G V,Bejjani B A,Bleoo S,et al.A multicenter study of the frequency and distribution of GJB2 and GJB6 mutations in a large North American cohort[J].Genet

Med,2007,9(7):413-426.

[9]Kabahuma R I,Ouyang X,Du L, et al. Absence of GIB2 gene mutations, the GIB6 deletion(GJB6-D13S1830)and four common mitochondrial mutations in nonsyndromic genetic

hearing loss in a South African population[J].Int J Pediatr Otorhinolaryngol, 2011 May, 75(5): 657-661.
101 =T, BEHE , S , &5 GIB2ER p.V3TULSEURYUEITIFCHER ()] EPRH IS 2020, 44(6): 338.

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 033



